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Abstract of the Disclosure 

2 — A high temperature reaction apparatus and ^fflctho f- 

employing radiation to heat and react on matter, such as one 
or more fluids containing one or more reaction materials in 
gaseous molecular and/or particulate form. In a preferred form, 
one or more high temperature plasmas are formed across one or 

more pairs of electrodes which define a single or a plurality 
of plasmas and a single or plural reaction zones. A stream or 
streams of fluid particles pass through such reaction zone or 
zones and all or select of the particles or molecules thereof 
are heated to a high temperature sufficient to effect a select 
chemical and/or physical reaction or a plurality of high tempera- 
,S P ture reactions involving a plurality of reaction products which 
* are separated from each other downstream of the reaction zone 
ill or zones. The apparatus and method may be used to separate sel- 
Sj ect atoms from molecules of a gas or gases passed through the 
^. reaction zone or zones by breaking the bonds between the atoms of 
the molecules of the gas . Selected of the resulting atoms may be 
collected in separate streams thereof , deposited on a substrate 
^m^as a substrate in movement, to coat or carry same away from 
the reaction chamber or^j aub j^ f C Led to further processing such as 
the formation of coatings, the molding ^r-combining of such atoms 
with other atoms in a further chemical process. Synthetic diamond 
films or particles may be so formed from carbon atoms separated 
from carbon atom containing molecules of a gas fed to a reaction 
zone defined by a plasma arc and/or microwave heating . The heat 
of one or more of the plasmas or microwave energy directed at the 
surface to be coated with synthetic diamond formed of such gas 
separated carbon atoms may also be employed to effect the formation 
of such synthetic diamond film on such surface. In other forms of 
the invention, the apparatus and method may be employed to heat 
particles of metal containing ore to separate atoms of the metal 
or metals of such ore from the remaining ore material and to sep- 
arate select atoms of molecules of waste gas of combustion and/ or 
chemical processes, such as atoms of carbon from oxygen of gases 
such as carbon monoxide, carbon dioxide and other hydrocarbons. 
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This is a continuation— in— part of application 
serial number 07/376,378 filed July 7,1989 as a continuation- 
in-part of ser.no. 921,286 filed October 21 , 1986 as a continua- 
tion of ser.no. 643,883 filed August 24,1984 (abandoned), which ~ 
was a continuation of ser.no. 571,188 filed April 24,1975 ( aban- 
doned) which was a continuation of ser.no. 163,203 filed July 
16,1971 (abandoned) , which was a continuation of ser.no. 849 , 013 
filed August 11,1969 ( abandoned) as a continuation of ser . no . 
422,875 filed November 25,1964, now U.S. Patent 3,461,347 which 
was a continuation-in— part of of ser.no. 710,517 filed March 
5 , 1964 . 

SUMMARY OF THE INVENTION 
This invention relates to an apparatus and method for 
reacting on matter fc>y means of one or more forms of radiation. In 
a preferred form, the radiation generates and transfers sufficient 
energy to the matter to cause a physical and/or chemical reaction 
such as by pyrolosis or electropyrolosis of select atoms of said 
matter to change its molecular structure or to separate select 
atoms from molecules thereof by breaking the bonds between such 
atoms and other ^ atoms of such molecules. In one form, the method 
is carried out continuously with respect to matter such as commin- 
uted metal containing ore , reaction or waste gas , water vapor 
per se or mixed with gas molecules or solid particles of a catalyst, 
hydrocarbon molecule containing gas or mixtures of gases and/or 
vapors containing molecules of matter to be heated and reacted on. 
In said preferred form, reactions take place at temperatures in 
the range of 100 0 to 20 00 degrees Centegrade ; in one form in the 
range of about 1700 degrees centegrade to separate metal atoms 
from ore molecules containing same in comminuted particles of 
such oire which aire continuously fed to a reaction zone in which 
is generated a plasma. Such process includes continuously forming 
such refined metal to shape by spray depositing same onto a moving 
substrate or a shaping means such as a continuous casting die , 
mold or rolling mill. Other high temperature reactions include the 

continuous formation of carbon or synthetic diamond particles or 
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coatings on a moving substrate from carbon atoms stripped from 
molecules of a gas or vapor containing same. Other forms of the 
invention include the high temperature disassociation of hydrogen 
from oxygen atoms and- the incineration or pyrolizing of products 
of combustion such as waste gases and solid particles therein, 
vaporized waste liquids and the like. The invention is also de- 
fined by improvements in apparatus and methods for generating 
high temperatures. 

Accordingly it is a primary object of this invention 
to provide an apparatus and method for processing matter by means 
of high temperature radiation. 

Another object is to provide an apparatus and method 
for reacting on matter with radiation generated in a plasma. 

Another object is to provide an apparatus and method 
for reacting on matter with radiation generated by a plurality of 
plasmas . 

Another object is to provide an apparatus and method 
for reacting on matter with radiation generated by a plurality of 
different radiation generating means. 

Another object is to provide an apparatus and method 
for reacting on matter with radiation operable to heat molecules 
of such matter to a temperature sufficient to break the bonds of 
the atoms of such molecules and permit the selective separation 
of such atoms wherein such apparatus and method includes contin- 
uously collecting and forming selected of such atoms , such as 
metal atoms derived from ore containing same, to shape. 

Another object is to provide an apparatus and method 
for reacting on matter defined by carbon atom containing molecules 
with high temperature radiation operable to separate such carbon 
atoms from their molecules and to deposits and form same on a 
substrate into a synthetic diamond form of such carbon. 

Another object is to provide a high temperature reaction 
apparatus and method for generating a plurality of plasmas. 

Another object is to provide and apparatus and method 
for generating a plasma by means of multiple forms of radiation. 

Another object is to provide an apparatus and method 
for pyrolizing waste material such as waste products of combustion 
in furnaces and internal combustion engines 
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With the. above and such other objects in view as may 
hereinafter for- fully appear , the invention consists of toe novel 
constructions, combinations and arrangements of parts as will be 
more fully described and illustrated in the accompanying drawings, 
but it is to be understood that changes , variations and modifications 
may be resorted to which fall within the scope of the invention as 
claimed . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a side view with parts broken away for 
clarity of an electron beam apparatus for generating high temper- 
ature beam radiation for reacting on matter fed to or intersected 
by the radiation beam thereof; 

Fig. 2 is a side view of an electrode applicable to 
apparatus of the invention; 

Fig. 3 is a side view in cross section of one form of 
solid structure producible by an apparatus of the type shown in Fig.l; 

Fig. 4 is a side view of a modified form of structure 
of the type shown in Fig. 3; 

Fig. 5 is a sectioned side view of a hollow beam generat- 
ing apparatus applicable to the apparatus of Fig. 1; 

Fig. 6 is a sectioned side view of a modified form of 
the apparatus shown in Fig. 5; 

Fig. 7 is a cross sectional view of another form of 
hollow beam apparatus applicable to the apparatus of Fig.l; 

Fig. 8 is an end view with parts broken away for 
clarity of an elongated reaction chamber employing electrodes 
which project into the chamber; 

Fig. 9 is an encd view with parts broken away and 
sectioned for clarity of an elongated reaction chamber employing 
plasma generating electrodes which are space separated the width 
of the chamber; 

Fig. 10 is a side view in cross section of a modified 
elongated reaction chamber employing a plurality of electrode 
pairs to generate a plasma or plurality of plasmas in the chamber; 

Fig. 11 is an end view in cross ection of a mofified 
elongated reaction chamber having adjacent electrodes for generat- 
ing respective plasmas therebetween. 
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Referring now to 'the drawings, Fig . 1 illustrates an 
electron beam apparatus 10 which may be operated to perform 
a plurality of different functions including the selective 
deposition of one or more materials onto a substrate and/or 
the selective erosion or machining of said substrate. The 
apparatus 10 is composed of a chamber 12 containing work to 
be processed by an electron beam B which is generated within 
and directed through a chamber 14 disposed on top of the chamber 
12 communicating with said chamber 12 by means of a small 
opening 26 in the upper wall of chamber 12* Disposed at the 
upper end of chamber 14 in a housing 15 is an electron beam 
generating assembly 18 which includes a filament 19 surrounding 
a rod-like cathode 20. The rod-shaped emitter 20 is indirectly 
heated by the filament 19 and generates an electron beam when 
a suitable source of high voltage 55 is connected to the 
emitter 19. Surrounding the described elements is a heat 
shield 21 and disposed directly beneath and adjacent the heat 
shield is a grid 22^" Suitable filament supply, bombardment 
supply and grid supply means denoted 52 , 53 and 54 are pro- 
vided and connected to the respective elements of the emission 
assembly 18 for generating a suitable electron beam which is 
directed through a small opening in an anode plate 29, thence 
into an elongated passageway 14 9 which is shown surrounded by 
electro-magnetic coils denoted 23, 24 and 25, the purpose 
of which will be described. Plates 29, 29 • and 29" contain 
collimating slits for the bean B. 

At the end of passageway 14', the beam passes a 
pair of focusing pole pieces 28 and 28 1 which serve to focus the 
beam through an opening 2 6 in the upper wall of chamber 12 
against a selected area of a work piece 40 disposed in alignment 
with said opening. 
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The hereinabove described electron beam apparatus 
may be modified or supplemented with features found in known 
electron gun apparatus such as provided, for example, in 0.S. 
(Patents) 2,944,172 and 3,009,050 and in the "The Focusing 

of Charged Particles" edited by Albert Sep tier. 

The worh piece 40 is shown as a flat substrate such 
as a sheet or plate of metal or insulating material such as 
ceramic or plastic and may comprise an electronic circuit board 
or other device on which it is desired to perform operations 
of selectively adding material thereto and/or eroding or removing ■ 
material therefrom. The substrate 40 is shown secured to a 
fixture or table 41 which is operative to move at least in two 
directions by predeterminately controlling respective motors 
44 and 46 so as to locate any particular area of the substrate 
40 in direct alignment with the opening 26 and the beam passed 
therethrough to permit preprogrammed operations of said beam on 
said substrate, A solenoid or motor 45, when control lably 
operated, actuates a clamp 42 which operates to secure the work 
piece 40 on the fixture 41 or release same so that it may be 
removed from said fixture. The support 41 is movably mounted with 
respect to a base 43 anil is prefereably positionally controlled 
by respective lead screws driven by the motors 4 4 and 46 in 
accordance with the manner of conventionally positioning a work 
table with respect to a machine tool. Notation 47 refers to one 
or more motors and controls therefore for operating an automatic 
manipulator 47' located either within or exterior of the chamber 
12 and operative to remove individual units of work from the table 
41 and to replace same with new work to be processed in synchron- 
ization with the operation of the motor 45 operating the clamp 
42. A door 12' is opened and closed by means of a motor 4 9 
operating a suitable cam mechanism 4 8 at the door hinge to permit 
work to be inserted into and removed from chamber 12 . 
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While the described electron beam generating means 
does not ordinarily require vacuum to generate and direct the 
electron beam against the work , a vacuum pump 50 Is Illustrated 
in Fig. 1 and is operatively connected to chamber 12 in the event 
that certain types of operations require that the work, during 
bombardment by the beam, be provided in a vacuum* 

A master controller 11, such as an adjustable multi- 
circuit , self —recycling timer or other form of program controller 
or computer , is provided having a plurality of outputs 11 • 
on which are generated respective command control signals for 
controlling all of the described motors and other servos as 
well as those which will be described hereafter, so that the 
apparatus 10 may be operated nn a preprogramed manner which 
includes the replacement of work previously processed with 
new work suitably aligned on the fixture or table 41, the 
predetermined location and subsequent movement of said table 41 1 
to bring different areas thereof in alignment with the beam, 
the programmed operation of the beam and, as will be described 
hereafter, the programmed admission of one or more materials 
to the electron beam to permit their selective deposition onto 
selected areas of the surface of work piece 40 for the construc- 
tion of electrical circuits, the selective contouring of plates, 
or the selective coating of articles • 

Materials to be deposited onto the surface of the 
substrate -40 may be admitted to the immediate vicinity of 
chamber 12 or at a plurality of points along the path of travel 
of the electron beam* Said material may be in the form of 
a solid rod or wire which is directed into the electron beam 
and melted or vaporized thereby and carried along or within said 
beam to the area of the surface of the substrate intersected 
by said beam so as to be deposited thereon or diffused into the 
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outer stratum of said substrate. The manner in which the 
material is deposited or diffused will be a function of the 
intensity of the beam which may be a constant potential or 
variable in accordance with command control signals generated 
by the master controller 11. Accordingly, notation 55 refers 
to a source of high potential energy connected to the rod cathode. 
In certain instances, it may be desirable to provide an electron- 
ic or motor operated means within the unit 55 for varying the 
p potential output thereof in accordance with a variable command 
^ control signal generated on the input thereto by the master 
^ controller 11. ' Suitable means for varying the voltages applied 
J; to the filament and grid located in blocks 52 and 54 may also 
provided which are varied in accordance with signals gener- 
ated by the master controller 11. Accordingly, by such means, 
r\ the potential and characteristics of the beam as it passes 
through the opening in anode 29 in the chamber 14 1 , may be 
predeterminately varied in accordance with the operation to be 
performed thereby . 

Notations 39, 39" and 39" refer to respective conduits 
in the form of small diameter tubes extending into the chambers 
15, 16 and 17 whjch respectively surround the beam emitter, 
the elongated passageway 14* and the focusing pole pieces 28 
and 28 Respective solenoid operated valves or pumps controlled 
by signals generated by master controller 11 may be utilized 
to admit predetermined quantities of selected gases, vapors, 
liquids and/or powdered materials through the conduits 39, 39V 
and 39" to be ejected from the open ends thereof into the 
electron beam and to be carried along the beam through the 
opening 26 against the surface of the work piece 40 intersected 
by the beam B. 

The potential and movement of electrons or particles 
within the beam B may be sufficient to carry particles or droplets 
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of material admitted to the beam along the beam to the surface 
of the work piece* However, auxiliary means are also provided 
In Fig. 1 to confine the material admitted to the beam to the 
- vicinity of the beam and, in certain instances, to induce its 
movement along" the beam, towa r d th e work* Such means includes 
a plurality of electro-magnetic coils 23, 24 and 25 disposed 
along the pass agent ay 14 1 which coils are energized in a manner' 
to magnetically confine the particles to the vicinity pf the 
beam and, in certain instances, to induce movement of the parti- 
cles along the beam towards the work. The coil 25 may also 
serve to assist in focusing the beam through the focusing pole 
pieces -28, 28* so as to be focused at a fine point when it 
intersects a surface of thw work. 

Shown disposed within the intermediate chamber 16 
is a coil 30 containing a wire 31 of material to be deposited, 
such as metal, which wire is guided about a plurality of rollers 
32 and a pair of rollers 33 through a passageway between the 
coils 24 and QS into chamber 14 • . The rollers 33 are power 
operated by a motor (not shown) which is controlled by a 
motor controller 34 operated by a signal generated by the 
master controller 11. Thus, by properly programming master 
controller 11 to generate a signal which is passed to controller 
34, the rate of travel of wire 31, as well as the timing of 
its admission to the beam B, may be predeterminately controlled 
so that predetermined quantities of the material of said wire 
may be vaporized an4 directed along the beam to be deposited 
onto the surface of the work piece in accordance with the 
predetermined operation of the beam and positioning of the 
work piece so that material may be predeterminately deposited 
onto select areas of th work piece. 

Notation 35 refers to a reservoir of particulate 
material located within the intermediate chamber 16 which is 
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fed by means of a conveyor or motorized pump 36 through a 
tube 38 extending therefrom. A controller 37 receiving 
command control signals from the master controller 11 is 
connected to the motor-operating the pump or conveyor 36 
so that predetermined quantities of said particulate material 
may he fed or directed on a gas stream into chamber 14 • and 
the beam generated therein* 

A second coil 56 of metal or other suitable material 
provided as a wire 58 is located within chamber 12 and is 
rotationally mounted off the upper wall thereof and driven 
by a motor 57 controlled by a signal generated by the master 
controller 11. The wire 58 is fed between powered rolls of 
a guide 59 which is driven by a motor (not shown) which is 
also controlled by a signal or signals generated by the 
master controller 11. The operation of the motor operating 
the vacuum pump 50 may also be controlled by the master con— 
troller 11 so as to predetermine a complete cycle of operation 
utilizing said vacuum pump. 

It is noted that wire, particulate material, liquid or 
gaseous streams of matter may also be directed into the electron 
beam B at any of the locations where tubes 39, 39* and 39" 
enter the chambers 15 and 16 • 

The wires 31 and 58 may comprise various polymers, semi 
conductors or ceramics, metals or alloys. Where said wires or 
rods are made of conducting material such as metal, they are 
preferably electrically insulated from the housing and are not 
grounded in a manner which would ordinarily cause the beam B to 
discharge to ground. Similarly, all tubes 39, 39*, 39"", 38, 
etc. feeding fluent material to the beam are also prefereably 
either made of electrical insulating material or are insulated 
from ground. 
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It ±s noted that the apparatus of Fig . 1 may be 
subject to a number of design variations and may include, 
for example, the provision of an endless conveyor for continu- 
ously or intermittently feeding work to be processed by the 
beam past the opening 26. The apparatus 10 may also be modi- 
fied to permit movement of the beam housing 14 in one or more 
directions with respect to a large work piece and to control 
the location thereof with respect to selected work pieces for 
performing beam erosion and/or deposition operations as des- 
cribed. Operation of the means for energizing the electro- 
magnetic coils 23, 24, and 25 for generating suitable magnetic 
fields in the vicinity of the beam to control its direction, 
focusing and to confine or control the flow of material admitted 
thereto, as described, may also be under the control of the 
master controller 11. 

Further modifications to the apparatus of Fig. 1 
include the provision of additional electrode means for generat- 
ing a plurality of beams and directing same against one or a 
plurality of different areas of a work piece to simultaneously 
perform operations of the type described. For example, one 
beam may be operated to erode a selected area of a work piece 
while a second beam may be operated to selectively deposit 
material on another area of a work piece to both excavate 
and/or build up material on said work piece or to fill in 
areas which have been previously eroded. By simultaneously 
operating a plurality of beams to simultaneously deposit 
and/or erode material from the work piece surface, the time 
required to fabricate devices such as electronic circuits 
may be substantially reduced. 

By providing means in chamber 12 for disposing lead 
wires against selected portions of a substrate such as an elec- 
trical circuit, one or more beams may be used to weld said wires 




to the substrate by melting a metal of the wire and/or depositing 
a weld material against the wire and substrate by means as 
described. 

Thin or thick metal films may be deposited onto a 
substrate by admitting metal to the beam by one or more of 
the means described/ as the substrate and/or beam means are 
moved or deflection controlled so as to form electrical circuit 
lines or leads on the substrate* Semi— conducting , polyconduct- 
ing or insulating materials may be selectively deposited on 
a substrate to form various electrical circuit components 
providing , for example. Integrated circuits and the like. 

In Fig. 2 is shown a modified form of electron 
emitter and beam forming apparatus applicable to the apparatus of 
Fig. 1. The beam emitter assembly 60 is composed of opposed 
electrode portions 61a and 62b terminating at the end of the 
electrode .and opening 63 therebetween through which material 
to be vaporized and carried by the beam may be fed. The elec- 
trodes may be made of suitable high temperature conducting 
material such as tungsten or other high temperature metal and 
are supported by insulating gasket plates 65 and 65*. 

A first material 66 in the form of a rod or tube 
extends through the center of the electrodes 61a and. 61b and 
is downwardly fed by means of b pair of powered rollers 64 oper- 
ated by motor (not sh.own) which is preferably predeterminately 
controlled to control the feed, speed and timing of the drive 
of consumable member 66 in accordance with the operation of 
the computer or master controller as described. A guide 67 
in the form of a plug of insulating material having an opening 
6 8 therein receives rod 66 and guides it to the end of the 
conical head of the electrodes 61a and 61b, Suitable means, 
as described above, may be provided to heat the electrodes 
and the end of rod 66 a sufficient degree to cause said rod 



end to melt or vaporize within the beam generated by the elec- 
trodes • Xf the potential generator across the electrodes is 
of a sufficient intensity, the material melted or vaporized 
from the end of rod 66 will be carried along the beam towards 
the work as described. 

The consumable electrode 66 may also comprise a 
hollow tube, containing gaseous / liquid , vaporous or powdered 
material fed to the open end thereof to be dispensed into, 
the zone in which the beam is generated. 

Also illustrated in Fig. 2 is a rod 69 fed between 
powered rollers 70 and 71 to beneath the end of the conical 
electrodes 61a and 61b so as to be admitted to the vicinity 
thereof in which the intense beam is generated for melting 
or vaporizing the material of said rod. 

A tube 72 is also shown in Fig. 2 which is connected 
to a source of fluent material such as described and having 
its open and 72 • disposed immediately beneath the electrodes 
61a and 61b so as to admit fluent material, to the beam so 
generated for the purposes described. 

While a source of electrical energy PS is shown in Fig. 
1 as being operatively connected for operation of the master 
program controller or computer 11 which power supply may generate 
the electrical energy necessary to activate the controls or oper- 
ate the various motors and servos of the apparatus 10 , it is 
assumed that suitable power supplies are provided to operate all 
the described components such as the magnetic coils, the high 
voltage power supply 55, the filament supply 52, the bombardment 
and grid supplies 53 and 54 as well as the described material 
feed means and wor!T positioning servos. 

There is shown in Fig. 3 a structure in a work member 
which has been subjected to beam deposition operation of the 



type described. The work member 80 Is composed of a base 82 
having an upper stratum 84 composed of material deposited thereon 
such as semi— conducting material, metal or insulating material* 
Notation 86 refers to a domain of material other than that form- 
ing stratum 84 which has been beam deposited in an opening 
or cavity provided in 84 by the electron or intense laser beam 
or beams described. The material of which domain 86 is composed 
may comprise any suitable metal, semi— conducting materials or 
insulating material having characteristics which are different 
than those of the material defining layer 84 and may be utilized, 
for example, to form part of an active element of a semi- 
conductor device, an insulating or isolating element or domain 
adjacent to or surrounding an active element or a conducting 
element disposed in cooperative relationship to other materials 
(not shown) similarly deposited on or within the stratum 84. 

In Fig. 4, a domain 88 6f material is shown complete- 
ly surrounded by a stratum 87 of material which has been de- 
posited simultaneously and/or after the deposition of the 
material comprising domain 88. 

Circuit conducting strip elements may also be 
similarly deposited along selected areas of a substrate or 
material deposited on a substrate to form various electrical 
devices and circuits. The substrate may comprise, in addition to 
various flat ceramic, glass or plastic materials, chips of silicon 
and other materials, crystals, filaments, wires, rods, foil and 
other electrical components and devices such as semi-conductors, 
integrated circuit assemblies and compoaants , poly conducting 
layers, metal films, etc. In addition to depositing conducting 
and semi-conducting components as circuit elements, the means 
described herein may be used to deposit doping materials and 
isolating oxide materials, poly conducting materials, etc. on 



circuit members. 

Figs. 5 to 7 Illustrate features of apparatus for 
forming hollow or tubular electron beams and for feeding one 
or more materials to the interiors of said hollow beams to be 
carried therewith and deposited on a substtate intersected 
by the beams or to cooperate with the beams in operating on 
the substrate. Features of the apparatus illustrated in Figs. 
5 to 7 may be applied to the apparatus of Fig. 1 or other suitable 
apparatus as described herein for performing various operations 
on solids, liquids/ gases or matter in the plasma state. By 
"hollow or tubular electron beams'- is meant electron beams which 
have the conf iguaation of . an elongated tube having a hollow 
interior or core which is not occupied by the radiation beam. 

In Fig. 5 , an electron beam generating apparatus 90 
includes a first housing 91 in which is disposed an anode 92 
attached to a mount 92 f . A cathode head 9 3 is centrally 
disposed within the anode mount by means of its own mount 
93' and faces an opening 91* in the housing 91 which extends 
through an opening in a second housing 9 4 which may extend 
to or be the„ equivalent of housing 16 of Fig. 1. The cathode 
head 93 when properly energized by a suitable source of 
high voltage electrical energy, is operative to generate a 
hollow electron beam B which converges as it passes through 
the opening 91 • and is directed by suitable control and focus- 
ing means (not shown) out of an opening in housing 9 4 to the 
surface of a work piece such as a substrate or into a spacial 
volume beyond housing 9 4 containing gaseous or liquid matter 
to be reacted on by the beam. The cathode 9 3 contains an 
opening 9 3H therethrough, through which opening matter may 
be directed to the interior of the hollow beam B . Said matter 
may be in the form of a solid rod or wire, particulate material 
carried on an airstream or other fluid carrier directed 
through the interior volume 93" of the housigg 93* and/or 
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a gas or vapor flowed under pressure into the volume 93" 
and directed at suitable velocity through the opening 93H to 
the interior of the hollow beam B. In Pig* 5, notation 95 
refers to a rod which is driven by wheel drive means as des- 
cribed which is operated by a controlled motor, preferably 
under the control of a master controller of the type shown in 
Fig. 1. The rod 95 may be driven completely along the center 
of the hollow beam B to the surface of the work piece at which 
surface it may be melted by heat transferred directly thereto 
by the beam B and/or the work piece itself intersected by the 
beam for coating, diffusing or otherwise depositing same onto 
the work piece. The rod 95 may also be vaporized by the 
intense heat of the beam B as said rod enters the narrowest 
portion of the beam and the resulting vaporized metal or other 
material defining the rod may be carried along the interior of 
the beam by flow induced by the beam itself, by gas directed 
along the center of the rod or adjacent thereto as it passes 
through the opening 9 3H in the cathode or by moving electro- 
magnetic fields generated by electro-magnets disposed around 
the housing 94 as described. 

The apparatus of Fig. 5 may also be operated wherein 
gas under pressure is forced through the opening 93H which 
may be in the shape of a nozzle operative to direct said 
gas as a high— velocity stream along the center of the beam 
to the surface of the work piece. The gas may be utilized 
per se in cooperation with the beam to effect such operations 
as cutting or severing portions of the. work piece intersected 
by the beam and gas, creating a chemical reaction in which the 
gas effects a change in state of the work piece, boring or 
drilling a hole of predetermined shape and dimension through 
the work piece, moving material melted by the beam or rapidly 
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oxidizing and vaporizing or volari2ing material of the work 
piece for the purpose of removing or machining same. The gas 
may also contain^f ine particles " of solid or vaporized matter 
which is deposited on the work piece for any of the purposes 
described or may be used to erode or cause flow of the work as 
described or may be injected into a gaseous or liquid material 
for creating a chemical reaction, effecting combustion to 
weld or rapidly heat the volume into which the beam is injected, 
create a plasma such as a plasma jet or generate thrust. 

Xn Fig. 6 , a modified form of the cathode of Fig* 5 
is shown having a plurality of through and through openings 
therein through which openings, may be injected, flowed or 
forced the same or different liquid, gaseous or solid materials* 
A mount 93* a for a concave cathode 96 is disposed as part of an 
electron beam apparatus of the type shown in Fig. 5 and is 
hollow, defining a passageway 93 w through which a liquid, gas 
or plasma may be flowed out the openings 9 3K1, 9 3H2 and 93H3 . 
The latter two openings are shown disposed radially outwardly 
of the axial opening 93H1. A plurality of additional openings 
may also be arrayed about the center opening 9 3H1. 

In one form of the apparatus shown in Fig. 6, a 
solid rod or wire may be driven through the opening 93H1 
while a gas or liquid may be admitted to the center of the 
beam B through the openings 93H2 and 9 3H3 after being forced 
through the passageway 93 M behind the cathode. Solid material ' 
directed through the openings in the cathode may be vaporized 
as soon as or shortly after they enter the interior of the 
beam 8 by the high-intensity electrical engrgy applied to the 
cathode 96a. 

In Fig. 7, an injection gun design is illustrated 
for initiating a hollow beam in a uniform magnetic field. 
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The apparatus 97 includes an elongated cylindrical magnetic 
coil 96 surrounding a chamber 98* in which is supported , on 
- - a tubular mount 100 , a cathode 99. A passageway 100 1 extends 

through the tubular mount 100 and may be utilized for directing 
a solid, liquid, gaseqos and/or plasma material to a passageway 
99; extending through the cathode 99. The cathode 99 has a 
"j^ - conical cathode emitting surface 99a which is surrounded by a 

conical shaped anode 102. The beam B 1 emerges from the cathode 
^/ emitting surface 99a and is directed by means of a uniform 
axial magnetic field generated by the magnetic coil 98 so 
as to form a tubular beam which is passed through a drift 
tube 101 in the direction of the work. A gas, vapor, plasma 
f, or gas containing particles, is forced through the passageway 
f 100* and through the axial bore 99; extending through the 

cathode 99. It is ejected as a stream S through the center 
volume 9 8 M of the beam B • and may be flowed as the result of 
y its velocity and/or the force induced thereby by the magnetic 
?™ field or the portion of a beam particles so as to be directed 
through the gun against the work volume or surface intersected 
by the beam B' . 

It is noted that auxiliary fluid, such as gas, vapor, 
.plasma particles or solid particles may be flowed between 
the head end of the anode 102 and the head of the cathode 
99 .through the annular opening 104 or through one or more 
openings 10 3 disposed between the anode 102 and the drift 
tube 101 so as to be carried between the outer surface of 
the beam B • and the drift bube in the direction of the work to 
be expelled fron the end of the gun towards sai£ work with 
the beam B 1 . x "'"\ 

VThile the beam B' shown in Fig. 7 is illustrated 
as having a relatively thin wall, the volume 9 8" defining 
the interior of the beam which does not contain beam particles 
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may be of relatively small diameter and. In one Instance, may 
be substantially equal to or smaller than the diameter of the 
bore 99* through the cathode 99 so that the gas, liquid or plasma 
Injected through the cathode may be In contact with the beam so 
as to be carried thereby towards the work or so that a solid rod 
or wire fed through the openings 100* and 99* may be easily 
vaporized as it enters the hollow beam B • and the vapors 
thereof may be carried by the beam in the direction of the 
work . 

In order to properly vaporize a solid rod or parti- 
cles introduced into the interior volume 9 8" of the beam B, 
focusing magnetic coils may be applied downstream of the 
snout end of the cathode 99 to cause a pinch effect in the 
beam B 1 so as to converge the beam particles against the 
solid material directed into the interior of the beam for 
the purpose of vaporizing said material. 

In a modified form of the apparatus hereinabove des- 
cribed, a solid rod of ion-forming material such as cesium 
may be directed through the annular passageway in the cathodes 
described or otherwise disposed along the cathode and the ap- 
paratus may be operated in such a manner as to generate ions 
thereof for the purpose of effecting thrust to effect propul- 
sion of the apparatus such as rocket propulsion. 

In the operation of the apparatus described, it is 
noted that the same beam employed to vaporize and effect depo- 
sition of material on a substrate may also be employed to 
erode selected portions of the substrate prior to or after 
material is deposited thereon. These distinct operations may 
be effected by program and/or adaptively controlling beam in- 
tensity, beam focus, relative movement of the beam and/or workpiec 
and the time the. beam remains on the area being eroded so as to 
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predetermine the depth of the, cavity. Thus predeterminately 
contoured substrates may be formed by program controlling the 
above variables to erode and/or deposit material across the 
surface of the substrate* Electrical circuits composed of 
crystals or other devices having domains of different materials 
located at different depths therein may be so fabricated as well 
as prototype models or mold cavities having irregular shape* 

Modified forms of the invention illustrated in Figs. 
1, 2, 5, 6 and 7 include the following embodiments: 

(a) a plurality of different materials may be con- 
tiro 11 ably fed simultaneously or sequentially into the intense 
radiation beam by prede terminate ly controlling the operation of 
respective motors or valves operative to admit said materials to 
the chamber and beam in a program controlled cycle determined by 
the operation of the master controller or computer 11 in open 
and/or closed loop cycles with or without the application of 
adaptive control thereto. Such plurality of materials may all be 
in the same or different states (i.e. - solid wire formations, 
flowed particles , liquid streams , gas or vapor streams or streams 
of charged particles such as plasma stream*). 

(b) The movement of electrons defining the beam may 

be utilized to induce the flow of the material in the beam to flow 
along the beam. In this connection, the particles of deposition 
material flowed to the beam or formed therein may be charged 
as they enter the beam or precharged prior to admission to the 
beam so that the combination of forces resulting from formation 
of the beam and its directional control means may be utilized 
to carry the deposition material particles along the beam 
towards the work. Auxiliary magnetic field coil means may 
be disposed along the beam to account for and direct deposition 
material around or within the beam towards the work. Said 
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coils may be operative to generate static magnetic fields 
or moving magnetic fields which move in thd direction of the 
beam to induce flow of the material admitted to the beam along 
the beam in the direction of the work* . 

(c) An auxiliary gas stream such as a stream of 
inert gas or active gas, may be directed from a conduit along 
the electron beam to induce flow of particles of material admitted 
to the beam to cause said particles to intersect the area of 
the work intersected by the beam or the area immediately adjacent 
thereto. Said gas may be introduced at one or more locations 
along the path of travel of the beam and controlled in accordance 
with the quantity and characteristics of the material admitted 
to the beam. 

(d) The flow of the hereinabove described materials 
along the beam may be effected by generating a plasma at least 
in part by the operation of the beam and/or auxiliary electrode 
means surrounding the electrode which operates to generate 
the beam by admitting suitable material to the vicinity of 
said electrodes. Said plasma may be flowed as a stream surround- 
ing the bean by suitable magnetic field generating means such 
as one or more electro— magnets disposed adjacent to the beam 
along its path of travel- Such plasma, if generated at rela- 
tively high temperature , may also be operative to cooperate 
with the" beam in heating the surface of the work. 

(e) The illustrated and above described embodiments 
may all utilize one or more electron beams or one or more laser 
light beams generated at sufficient intensity to effect the 
desired described results. For example, solid wire or rod, 
particulate, vaporous, liquid or gaseous material may be intro- 
duced into the intense light beam generated by the laser disposed 
in the vicinity of the electrodes illustrated and may be vaporized 
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thereby and carried along the laser beam towards the work by 

one or more of the means described. Particle charging or Ionizing 

means may be provided in the vicinity of the laser or along the bean 

to form a plasma-like flow of material along the beam towards the 

work. 

(f ) A plurality of electron and/or laser beams may 
also be generated within the chamber and each predeterminately- 
directed to intersect a selected area or the same area of the 
surface of the work. One or more materials to be deposited 
onto the work may be introduced into each beam. One of the 
beams may be operative to erode preselected portions of the 
work substrate while one or more other beams may be operative 
to deposit selected amounts of material onto the substrate. 

(a/) The described beam or beams may be operated 
at sufficient intensity to not only vaporize or otherwise 
change the state of material admitted to the beam but also 
to cause the diffusion of said material into the substrate 
intersected by the beam after properly heating that portion 
of the substrate receiving the fused material. In other words, 
the velocity of the beam particles may be operative to cause 
deposition particles carried thereby to be diffused into the 
surface stratum of the work intersected by the beam and deposition 
material. 

(h) Since the cathode current density increases 
exponentially with temperature and since relatively high temper- 
atures may be required to vaporize certain material to be deposit- 
ed, to generate plasmas or to more rapidly machine the work by 
generating beams of relatively high voltage (above 20kV) , the 
intense radiant energy beam of a laser may be employed to heat 
the cathode and/or the material being fed to the electron beam 
or the surface of the work intersected by said beam. Said laser 



may be conveniently located within the chamber 12 or any of the 
compartments of the chamber 11. The laser may also be disposed 
exterior of the elctron gun housing with its beam directed through 
an opening or window thereto such as through the -passageways 39 , 
39* or 39". The laser may also be supported on the shield 21, 
the mount for grid 22 or the insulation material supporting the 
cathode and may have its beam directed to intersect the cathode wire 
or rod 20 to supplement or replace the heating filament 19* 

(i.) The intense radiation beam of a laser disposed within 
or directed through through the chambers 11 and/or 12 from the ex- 
terior thereof may be utilized to cooperate with the electron beam 
generated as described, in operating on work, such as in performing 
such operations as selectively heating, melting , vaporizing or 
otherwise affecting work or performing a plurality of such operations. 
In this connection, a single laser may be employed to perform a 
plurality of operations in cooperation with the electron gun, such 
as heating the cathode thereof and heating and vaporizing material 
to be deposited or implanted by the electron beam or a laser beam 
as described, heating the cathode and the work, generating a plasma 
and heating the work, vaporizing material of the work during or 
before material is deposited by the electron beam or laser beam or 
in the performance of the other operations described. Gaseous, 
vaporous and/or particulate matter may also be control lab ly flowed 
through the plasma or plasmas so generated to perform select 
chemical and/or physical reactions thereon prior to deposition or 
separation of the reaction products thereof. A single laser and/or 
electron beam may be split into a plurality of beams by suitable 
beam splitting means such as lenses , mirrors , or magnetic means. Such 
plural beams may be used to perform the same function such as heat- 
ing, melting, cavitating , vaporiz ing , implanting , etc . on different 
portions of the work or different functions on the same or different 
portions of the work and to generate a plurality of plasmas at differ- 
ent select locations. ^ \ 

j) The described apparatus or variations thereof may perform 
controlled operations on or with respect to liquids , gases , vapors or 
plasmas into which beams and material (s) are directed within a charabe 
or within free space, to perform controlled chemical reactions, plasma 
generation, propulsion, burning and welding. Material or materials 
flowed or injected into, within or parallel to the laser or electron 



beam may be oxygen, an inert gas , a material to be added for 
alloying, doping or adding to the material being heated or other- 
wise operated on by the beam. 

$ Oc) Material directed into the beam in the vicinity 

of the work may comprise a combustible or explosive material oper- 
ative to burn above the work or generate a controlled explosion 
for affecting the work such as generating a chemical reaction 
therewith , eroding or pulverizing part or all of the work, generat- 
ing a larger explosion in the vicinity of or utilizing the work, 
generating a controlled nuclear reaction, etc. 
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Modifications and improvements to the apparatus and 
methods described are noted as follows: 

In addition to the use of electron beam and laser rad- 
iation to attain certain of the results described above and here- 
after, other means for generating and utilizing high intensity 
radiation may also be employed. For example, high voltage and/or 
high amperage electrical energy may be controllably applied to 
one or more electrodes of one or more electrode pairs disposed as 
described, or otherwise proximate to each other and so energized 
as to generate a continuous and/or intermittent plasma in the 
Sfpace or volumes between electrode pairs upon the discharge of 
^electrical energy therebetween. Solid, particulate, liquid or 
fgaseous reaction material, or a plurality of different reaction 
Tnaterials in the same or different states, may be motor driven 
•;or flowed as a stream or streams between such electrodes or 
LCme or more tandem arrays of stream following electrode pairs 
^° be intensely heated by the arc or plasma radiation in a manner 
>fed effect a change in physical state of the reaction material 
such as by vaporizing. or melting same, by chemically changing 
same by e 1 e c t r opy r o 1 o s i s and/or electrochemical reaction wherein 
two or more elements or compounds are caused to chemically react 
in the high "temperature plasma or the bonds between the atoms of 
on l or more compounds are broken. Such processes include control- 
lably separating the reaction products either during processing 
of reaction material in one or more of the high temperature plas- 
mas, so generated , as matter is flowed therethrough or immediately 
after passing from such single or multiple plasmas. Such separa- 
tion may be effected by known separation means such as by gravity, 
centrif uging , vortex flow , filtering, radiation beam or a combin- 
ation of such means. In a continuous process, one or more of the 
products of such reaction may be flowed or conveyed to the next 
stage of processing sam-e in one or more further chemical and/or 
physical reactions which take place downstream of the plasma 
generating apparatus . 
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In a particular form of the invention, a gas, liquid or 
particles of a solid or two or more solids per se or in -a^'gas or 
liquid may be flowed by gravity or pumped through a duct contain- 
ing a plurality of electrode pairs disposed at select spaced in- 
tervals along such duct across each of which electrode pairs is 
generated an intermittent plasma, such as a- continuous or inter- 
mittent arc or series of intermittent and/or continuous arcs, 
through which the reaction fluid is passed to pr ede t erm i n a t e ly 
heat the molecules thereof to either break the bonds between one 
or more of the compounds of the fluid or particles or to effect 
a select chemical reaction or reactions with respect to elements 
and/or compounds of the fluid passing through the duct. The duct 
or elongated reaction chamber may be made of or lined with a 
suitable hi-g.h temperature or chemical corrosion resistent mater- 
ial, such as Pyroceram or the like. In a particular form, all or 
a portion of such duct or reaction chamber may be rotated about 
its longitudinal axis or otherwise, to effect one or more results 
If the duct is irregularly shaped and/or contains one or more 
vanes therein, a helical swirling movement will be imparted to 
the working fluid or products of reaction passing through the 
duct to centrifuge or otherwise separate atoms or molecules which 
are' products of the high temperature reaction which takes place 
withing the duct. If the e 1 ec t r ode -pa i r s are located off center 
within the duct, the plasmas generated thereby will be rotated 
through the working fluid as it passes longitudinally through 
the duct to optimize the re^ac tion results if the flow of such 
working fluid is controlled t^ef feet such optimized reaction. 
In a particular form, such plasmas may be generated by locating 
the electrodes of the electrode pairs at or near oppos i t e wal 1 s 
of the duetto permit the plasma generating arcs to span the 
width of the duct, thus permitting the plasmas to react on all 
fluid passing therebetween and filling the interior volume of the 
duct. The line or plane between pairs of such electrodes may be 
radially angulated with respect to the other pairs of electrodes 

so as to react on all or more of the fluid material passing 
though the elongated reaction chamber or duct. 




In FIG. 8 is shown a radiation reaction apparatus 100 
defined by an elongated cylindrical tube or duct 101 formed of 
a suitable metal, metal alloy , ceramic such as a ceremet or high 
temperature glass or a combination of such materials preferably 
one covering or coating the other, such as a metal tube interior- 
ally coated with a high temperature ceramic. Insulatedly supported 
by opposite wall portions of the duct 101 are respective elec- 
trodes 102 and 103 of an electrode pair which protrude into the 
interior volume 105 of the duct and terminate a distance or gap 
104 apart from each other. Molecules of gas / vapor or solid or 
liquid particulate material or combinations thereof to be reacted 
on, are pumped, gravity or otherwise flowed through the duct per 
se or on a stream of neutral gas molecules such as nitrogen, past 
and between the electrodes while suitable electrical energy is 
applied between the electrodes to generate a high temperature arc 
or plasma therebetween. A single electrode pair or a plurality of 
electrode pairs aligned with each other , staggered or offset 
along the duct to generate respective arcs or plasmas for progress- 
ively and/or completely heating all or select fluid particles or 
molecules passed through the duct to temperatures sufficient to 
effect the described chemical and/or physical reactions. While 
the electrodes 102 and 103 of FIG. 8 are operable to generate an 
arc near the center of the duct other electrode pairs downstream 
and/or upstream thereof may be space separated one or more dis- 
tances closer to the wall of the duct on either or both sides of 
the axis of the aligned- electrodes illustrated, either close to 
the electrodes illustrated' ^and/or for some distance downstream or 
upstream thereof. If the duct is made of an electrically conduct- 
ing material such as metal , the electrodes are preferably insulated 
ly supported thereon as shown by suitable insulating collars or 
deposited material. Depending on the voltage and the gaseous matter 
in the duct, the plasma arc may be generated in the gap 104 and/or 
in a volume extending laterially therefrom. 

Longitudinally extending guides or vanes secured to or forming 
part of the wall 101 may be so shaped and disposed as to guide and 
cause working fluid passing longitudinally through the duct through 

the one or more plasmas generated therein as described. 
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Variations in the construction and operation of the appar- 
atus 100 of Fig. 8 are noted as follows: 

A. Electrode pairs of the type shown and/or modifications 
thereof may be supported by ad j acent or opposite portions of the 
wall of the elongated reaction chamber or duct at a number of loca- 
tions longitudinally along the duct. - Such electrodes may be located 
and positioned with respect to each other and the flow volume 105 

of the duct that substantially all of the gas molecules and/or 
soild particles passing through the duct pass through one or more 
. . plasmas generated within the duct and are heated to a suitable high 
>4 temperature to effect a des ired physical and/or chemical reaction 
■3 "to effect reactions of the types described herein involving, for 
rj example, the pyrolizing and reduction of waste gases and particles 
,^ therein, to reducing of ores to remove a metal or metals therefrom, 
"l^ the removal or elements , such as carbon, from gases and soild par tic— 
■Q ulate materials and the formation of synthetic diamond or other mater- 
! ^ ials therefrom, the separation of hydrogen from oxygen in water vapor, 
H the reduction of carbon monoxide from combustion gas to form carbon 
dioxide and/or elemental carbon and oxygen thereof, breaking the bonds 
between carbon and oxygen atoms of carbon dioxide to form carbon and 
oxygen thereof per se or in the present of a gaseous or particulate 
catalyst. 

B. The apparatus 100 may comprise , form part of or be disposed 
longitudinnaly within a smokestack connected to a furnace or an 
exhaust pipe for an internal combustion engine. 

C. Microwave, laser or other form of beamed energy may be 
generated outside the reaction chamber 101 and directed through 
one or more openings in the side wall thereof to scan and heat 
the fluid contents of the chamber per se or in combination with 
the heat generated by the electrically discharged electrode pair 

or pairs of electrodes discposed within the volume 105 at one or more 
locations therein as described. 

D . Replacement of worn electrodes may be effected by an auto- 
matic handling means , such as an automatic manipulator service one 
or more reaction chambers. Alternatively, either or both electrodes, 
may be power driven at a fixed rate or in accordance with signals 
generated by a sensing means sensing electrode wear or the distance 
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between electrodes, by a motor or motors controlled by a micro- 
processor or computer. Each electrode or a bank or banks of 
longitudinally aligned or staggered electrodes may be secured 
to a common bus which is driven by a motor supported by the wall 
101 of the duct, in a manner to maintain a constant or' predetermined 
gap between all electrode pairs. 

E. A single plasma may be generated between a plurality of 
electrode pairs longitudinally aligned or staggered longitudinally 
along the duct or separate and discrete plasmas may be so generated 
which are of the same intensity or predetermined intensities depending 
on the manner in which heating or pyrolizing material in the duct 
is effected. For example, a plurality of plasmas may.be generated 
along ~the duct . ^operable to gradually or step increase the temperature 
of particles or gas molecules flowing through the duct from plasma 
to plasma. Plasmas may be generated completely across the diameter 
of the volume 105 and /or longitudinnaly therein by means such as 
illustrated in Figs . 9 , 10 and 11 or modifications thereof. 

F. The radially extending electrodes 102 and 102 may be 
supplemented or replaced with electodes or electrode assemblies 
which extend longitudinnaly though and within the duct 101. Eelec- 
trodes may also be formed of electrically conducting material or 
materials such as carbon, metal , metal alloys, superconducting 
material or combinations thereof which partially coat or line the 
inside surface of the duct 101. The duct may also be fabricated of 
a plurality of longitudinally extending wall sections of conducting 
electrode material which are insulated from each other by respective 
wall section made of insulating material such as high temperature 
ceramic or glass material . Thus ad j acent or opposite sections of the 
duct wall made of conducting material such as graphite or carbon 
metal, metal alloy or superconducting material or a combination thereof 
may be oppositely charged to provide plasma arcing therebetween for 
the purposes described . 

G. A single computer supported exterior of the duct 101, may be 
employed to control all process variables including the feeding and 
flow of one or more reaction fluids to one end of the duct, current 
applied continuously or intermittently to the electrodes to generate 
continuous or intermittent plasmas therebetween, electrode replenish- 
ment , etc . 




Further modifications to the apparatus and methods 
described are noted as follows : 

Where atoms of products of the described high 
temperature heating of gas or particulate matter are separated 
from the molecules thereof, they may be continuously combined 
with other atoms or molecules of additional matter continuously 
fed to the reaction chamber, zone or zones or may be absorbed 
by solid particles of matter so delivered. For suitably diss- 
ipating waste particles and gas molecules of combustion, particles 
of one or more low cost materials such as calcium carbonate, 
calcium chloride, or other material may be fed to the reaction 
chamber or zone separate from or mixed with the waste gas and 
particles to react on or absorb the components of reaction re- 
sulting from the described high temperature heating. Such addition 
al particulate material may be employed to absorb and/or react 
with the products of the high temperature reaction to reduce 
same to disposable solid waste or provide one or more new and 
useful products thereof. 

Liquids or liquids containing solid particulate 
material and/or solid chemicals disscolved therein may be flowed 
through reaction apparatus of the types illustrated in FIGS. 8 to 
11 whereby arc generated between the electrode pairs thereof 
Heat and effect reactions. of the types described' with respect to 
the molecules of the liquid and/or particles of solid matter 
thereon. In addition to various chemical reactions, hydrogen 
atoms may be so separated from oxygen atoms of water generating 
bubbles of hydrogen and oxygen gas mixture in the water passed 
through the reaction chamber or duct which bubbles may be collect- 
downstream by know means, Such mixtures may be stored or burned 
or otherwise used in further reactions or may have the hydrogen 
and oxygen components ..thereof separated from each other for 
various separate uses. In a particular form, all or substantially 
all of the liquid passed into one end of the reaction duct may be 
reduced to its atomic components or otherwise caused to undergo 
a complete chemical reaction. 
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In FIG. 9 a high, temperature reaction apparatus 106 
includes an elongated duct or tube 107 of the type described 
having one or more pairs of electrodes 108 and 109 supported 
by opposite portions of the wall or walls of the duct. The 
inner ends 108A and 109A of the electrodes 108 and 109 terminate 
at or near the inside. surface of the tube or duct 107 which may 
be constructed as described . Thus the arc A is generated as 
shown and extends substantially completely across the center of 
the interior volume 110 of the duct 107. The construction of the 
duct and electrode mounting may be in accordance with the teachings 
of FIG. 8. A plurality of pair of such electrodes may be supported 
aligned along the duct, staggered or helically disposed therealong 
to heat and effect reactions with respect to a select amount or 
substantially all the particles or molecules of fluid material 
passed through the duct. The arcs may be generated as a single 
plasma or plurality of separated plasmas continuously and/or 
intermittently. In the latter mode of operation, all arcs may be 
generated simultaneously or in a select or predetermined sequence 
along the duct to optimize the reaction or reactions taking place 
within the duct. Feedback signals generated by one or more sensors 
sensing such reaction variables as current voltages , amperages , 
plasma temperatures and shape, reaction products , etc . may be 
employed in a closed loop process control system to control such 
variables as flow rate, composition, voltage and amperage. Products 
of reaction such as atoms and molecules of gas,, vapor and/or solid 
material (s) may be collected downstream of the reaction zone or 
zones and separated or used as described. 

While FIG. 10 may represent a side view of the apparatus 
of FIG. 9 when multiple pairs of electrodes are employed, if adjacent 
electrodes on the same side of the wall are of opposite polarity , 
plasma arcs may be generated therebetween as shown rather than across 
the center of the duct as in FIG. 9. A combination of arcs generated 
close to the wall, as in FIG. 10 and across the duct as in FIG. 9 
may also be employed in yet another embodiment of the invention. 
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In FIG. 11 is shown a modified form of the invention 
illustrated in FIGS. 8 to 10 the features of which may be combined 
with features of the other figures or employed per se. The reactor 
120, as in the construction of the other reactors, may comprise 
an elongated cylindrical duct or chamber or a spherical or other- 
wise shaped chamber throug which reaction fluid is continuously 
force flowed by pump, blower , gravity or a combination thereof. 
Supported by the side wall of the chamber 121 and protruding into 
the volume interior thereof are a plurality of electrodes. Four 
electrodes 122,123,124 and 125 are shown defining two pairs of 
electrodes disposed near opposite sides of the chamber. Electrodes 
122 and 123 which are located laterally adjacent each other define 
one electrode pair across or between which a first plasma PI is ^te nerat 
generated when suitable electrical potential is applied to the 
positive electrode 122 and breaks down or discharges in the gap 
at the end thereof to the end of the negative electrode 123. The 
other electrode pair is composed of electrodes 124 and 125 between": 
which a second plasma is generated when the positive electrode is 
energized with suitable electrical energy. It is noted that addition- 
al pairs of electrodes of the type provided in Fig. 11 may be 
located laterally between those shown and/or longitudinally down 
.the duct at respective locations to provide either a unitary.^ 
plasma, a plurality of plasmas between two or more adjacent 
electrode pairs or a plurality of discrete spaced apart plasmas 
as require to effect desired reaction results. 

Energy required to generate plasma arcs across the electrode 
pairs described may be derived from suitable sources of hydroelec- 
tric or otherwise generated electrical energy. Arrays of solar- to- 
electrical energy generating cells or focused solar energy to elec- 
trical energy generating means may also be employed to generate the 
required electrical energy for energizing the electrodes after 
such energy is boosted or increase to a proper volatge and 
amperage by suitable electrical equipment. 
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In a particular- 1 form of the apparatus and method de- 
scribed immediately above, a chemical composition or ore contain- 
ing one or more elements, such as metal to be separated from the 
composition or ore, may be comminuted by known means or otherwise 
provided in flowable paticulate form and flowed per se to and 
through one or more high temperature plasmas generated between 
one or more electrode pairs by the application of suitable elec- 
trical energy therebetween and the high temperature of the plasma 
applied to heat the composition or ore to a temperature suffic- 
ient to break the bond-s % be tween atoms of metal or other element 
1 of the molecules of the composition or ore whereby such metal or 
pother element be c ome s " s epa r a t ed from the remaining elements of 
| the compound or ore. Such separated materials may be collected 
- in respective reservoirs or flow streams thereof by gravity , 
^ centrifuging or other known separating means and separately 
3 stored for use or used in a continuous process. Metal so separ- 
ated may be i rT" a molten state or further heated to become molten 
and alloyed, atomized or fed directly to a forming means such as 
a mold, continuous casting die or substrate where it may be sol- 
idified to a select shape or shapes. The method may define a con--- 
tinuous process for separating metal or metals directly from ore 
and shaping same in one or more stages. From a continuous casting 
die or mold, for example, the metal so refined and formed may be 
continuously fed to a rolling means such as a rolling mill for 
reducing and shaping same to plate, sheet, wire, rod or tubing. If 
-atomized as described immediately after separation from the com- 
pound or ore, the metal may be sprayed against a shaping surface 
such as the surface ,of a mold, rolls of a rolling mill, elongated 
driven member such as a continuously formed or coil fed sheet, 
strip,rod, tube or other shape and solidified as a layer or coat- 
ing thereon as the substrate is driven past the atomizing means. 
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In modified forms of the embodiments of FIGS. 8 to 11 , 
suitable vanes or the like may be attached to the inside surface 
of the tubes or ducts illustrated to impart a -helical or swirling 
movement to the fluid passed through the ducts to assure that sub- 
stantially all the molecules or particles thereof pass through a 
plasma or arc or arcs generated along the duct. Furthermore, the 
tube or duct may also be rotated to pass the plasma arcs generated 
therein through most or a select quantity of the reaction fluid 
as it is flowed longitudinally through the duct. 

It is also noted that one or more beams of the one or 
more described radiations (laser, electron beam, microwave , etc . 
radiation) may be passed longi tudinnaly and/or laterally through 
the duct to react on fluid particles or molecules therein to effect 
the results described, per se or in combination with each other 
and/or one or more plasma arcs generated as described. Reactions 
which may be effected include (a) high temperature reactions on 
a gas or gases, vapor or vapors and/or particle's of the same or 
different materials passed longitudinnaly through the duct to form 
new compositions; (b) high temperature or plasma reaction on 
gas or vapor molecules to separate select atoms therefrom such as 
atoms of carbon from methane gas which may be deposited onto a 
moving substrate within or beyond the end of the duct to form" 
synthetic diamond coating on such substrate or may form particles 
of synthetic diamond within and/or beyond the open end of the 
duct; (c ) high temperature reaction on particles of ore in a 
manner to separate metal and/or other atoms and the deposition 
thereof onto a moving substrate located within or beyond the end 
of the duct or reaction chamber; (d) high temperature reaction on 
molecules and/ or particles of waste products such as the particles 
and gases of combustion in a furnace or reaction chamber such as 
an incinerator ; ( e ) high temperature reaction with respect to 
carbon monoxide and/or carbon dioxide formed in a combustion or 
incineration process to separate carbon atoms from oxygen atoms 
thereof and to deposit the carbon atoms per se or as diamond 
particles or film on. a moving substrate beyond the open end of 
the duct . ; ( f ) high temperature reactions on process or combustion 
products where non-combustion matter such as particles of solid or 
liquid reactants or absorbant material are introduced into the 
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duct at one or more locations thereof to partake in or absorb one 
or more of the products of reaction. 

If the ducts of FIGS. 8 to 1 1 are of large diameter, 
such as in the configurations of smokestacks of an industrial 
process or furnace , beamed radiation may be generated as described 
and directed in one or more fixed paths longitudinally to intersect 
heat and react on particles and /or molecules of the fluid reaction 
material passing therethrough. One or more laser or electron beams 
may also be generated .and directed "'against a nuclear fuel, such as 
separately fed particles of triWium-deuter ium passed into one 
or more select locations of the duct or stack, to thermonucl early 
ignite same and generate* intermittent thermonuclear reactions for 
heating reaction material passing longitudinally through the duct 
or stack and incinerating or reacting on same as described herein. 

Modified forms of the invention involving apparatus 
and methods as described above may involve the high temperature 
separation of carbon atoms from oxygen atoms of gas molecules of 
combustion waste gases produced in the operation of furnaces, in— - 
ternal combustion engines and chemical reactors . Such carbon and 
oxygen atoms may be separated and collected in separate contain- 
ers as. useful byproducts or used downstream of the described high 
temperature reaction zone or zones in a continuing process or pro- 
cesses . 

Where the described process is employed to separate 
metal from its ore by breaking the bonds between atoms of metal 
and atoms of other elements in the ore, continuous known means 
may be operated to comminute ore or chemicals into particles of 
same of small enough size to permit the continuous feeding and 
high temperature processing of same into desired molten or par- 
ticulate metal which may be separated by known means from the 
other products of the high temperature reaction. 
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Beam radiation generated by an electron gun or laser 
as described herein may also be employed per se or in combina- 
tion with one or more electrically discharged electrode pairs 
to generate or enhance one or more plasmas or plasma arcs for 
effecting high temperature chemical and/or physical reactions 
with respect to gaseous, vaporous and/or particulate material 
or a combination of materials which are f luidically mixed and 
fed as a stream to the reaction zone or zones defined by such 
plasma or plasmas or are fed on separate streams thereof to such 
zone or zones. A single radiation beam or a plurality of such 
beams may be magnetically or optically split into a plurality 
of beams which are directed along separate paths and are 

employed to either generate or enhance a plasma generated between 
electrodes or by other means . Fluidic gaseous or particulate 
solid or liquid matter may be stream directed through such plasma 
or aligned series of plasmas to heat the molecules thereof to 
high temperatures at which they react or the atoms thereof 
separate when the molecular bonds are broken or shattered by 
the high temperature . For example, various ores containing metal 
or metals , when sub j ected to temperatures in the range of 1700 
degrees centegrade will have their metal atoms separated from the 
molecules containing same and such metal may be collected by 
gravity, centrifugal separation, filtration , magnetic means 
or a combination thereof, in a continuous formation and separation 
process. A single radiation beam, such as a laser or electron 
beam generated as described ,may be passed between a plurality of 
electrode pairs properly aligned to permit matter to be reacted 
on to pass therethrough and be reacted on by the radiation of the 
plasma and the radiation beam applied thereto to effect controlled 

chemical and physical reactions as described. The pressure or 

select 

force of the radiation beam may be employed to separate/particles 
of reaction material, molecules or atoms thereof ,f rom other gas- 
eous or particulate matter by force flowing same along a path or 

paths to effect such separation. Select atoms of the reaction 

a 

material may react to/ select wavelength or wavelengths or frequency 
of the radiation beamed to the reaction zone or zones while other 

s 
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atoms or molecules of matter* resulting from the high temperature 
reaction may be subjected to radiation force sufficiently different 
therefrom to effect radiation separation of the products of the 
reaction by generating and separately directing the flows of differ- 
ent molecules and/or atoms of matter to different locations within 

and/or exterior of the reaction zone or chamber with laser beams of 
different wave lengths. 

Beamed radiation,^ such as microwave radiation, may also 
be employed per se or in combination with laser and/or electron 
gun generated beam radiation, one\r more electrode pair generated 
plasmas or the like , to effect the chemical and/or physical reaction 
or reactions described. For example, such microwave radiation may be 
generated and focused as a beam to a reaction zone defined by one 
or more pairs of electrode between which is discharged high voltage 
and/or high amperage electrical energy as a continuous or inter- 
mittent discharge to generate a continuous or intermittent plasma . 
Such microwave radiation may also be directed and focused through 
a plurality of plasmas generated as described by a plurality of 
electrically discharged electrode pairs disposed close to each 

other or in a line along the path of flow of working fluid or fluids. 

The arrangements and methods described above may also be 
employed to selectively deposit a material or materials on to a 
stationary or moving substrate for coating, implanting and/or separ- 
ating same from matter such as ore particles, chemical compositions 
or the like as described. Particles or atoms which are not so depos- 
ited onto such a moving substrate , which may comprise a wire , rod , 
tube , sheet or strip which is continuously formed and driven , 
supplied from a coil or other source or otherwise conveyed past 
the reaction material^ ma Y flow by gravity away from the moving member. 
Atoms or particles so formed or separated by high temperature 
radiation may be employed to coat the moving substrate as a perman- 
ent coating or removed therefrom downstream of the coating location 
and collected . 

/ 




/ 
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What is claimed is : 

1 . A method" for effecting a select high temperature 
reaction comprising: 

a) 'generating high temperature plasma radiation, 

b) directing said high temperature plasma radiation 
through a reaction zone, 

c) continuously flowing- 'particl es of matter to said 
reaction zone, 

d) transferring sufficient heat^ from' tme high temper- 
ature plasma in said reaction zone to said particles of said 
matter passing into said reaction zone to effect a high temperature 




reaction, and 

e) continuously separating said select products of reac- 
tion from^each other after flowing same downstream of said reaction 
zone . 

2. A method in accordance with claim 1 wherein said 
high temperature reaction involves the separatiorKof select atoms 
of molecules of eaid' matter flowed to said reaction zone from each 
other by breaking the molecular bonds between said select atoms 

of molecules of said matter. 

3 . A method in accordance with claim 1 wherein said 
matter is an ore containing metal atoms, fur t Ke^r^g£*CS lAid -i- n g - collect- 
ing said metal in a molten state. 

4 . A method in accordance with claiiri 3 wherein said 
metal is deposited on a moving substrate and^conveyed thereby 
away from said reaction zone . 

5 . A method in accordance with claim 3 wherein said 
metal is continuously formed to shape and solidified beyond said 
reaction zone by one or more of the processes of continuous cast- 
ing, rolling, molding or coating same on a substrate and solidi- 
fying same by cooling. 
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6. A method in accordance with claim 1 wherein 

\ 

said high temperature plasma radiation is generated by the dis- 
charge of electrical energy across electrodes located in the 
vicinity of said reaction zone. 

7 * A method in accordance with claim I wherein a 
plurality of plasmas are generated and particles\pf said matter 
are passed through said plurality of plasmas. 

8 . A method in accordance with claim 1 wherein said 
matter -i-s — formed of particles are molecules of waste products of 
a reaction such as combustion of fuel or incineration of waste 
and said reaction zone is connected to a reaction chamber such as 
a furnace or internal combustion engine. 

9. A method in accordance with claim 8 further includ- 
ing sensing process variables including the coSn^GLS^tion of said 
waste products of reaction and generating sensing signals , computer 
processing and analyzing said sensing signals and generating con- 
trol signals and employing said control signals to control the 
generation of said high temperature plasma radiation. 

10. A method in accordance with claim 1 wherein said 
matter contains molecules containing carbon a t oms^T^s ai d method 
including separating said carbon atoms from the molecules con- 
taining same and forming synthetic diamond material thereof. 

11. A method in accordance with claim 10 which includes 
depositing said carbon atoms onto a substrate and^orm-ing a film 
of said synthetic diamond material on said substrate. 

12. A method in accordance with claim J^wher e i n said 
particles are defined by molecules of water, said method including 
heating said water molecules by means of said plasma to separate 
hydrogen atoms from oxygen atoms of said water molecules. 
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13. A method in accordance with claim 1 which in- 
cludes providing a reaction chamber and generatingxa plurality 
of high temperature plasmas in said chamber wherein each of said 
plasmas is continuously generated and flowing said particles as 
a plurality of streams thereof to said plurality of plasmas to 
effect step (d) . 

14. A method in accordance with claim 1 wherein said 
plasma is generated by a plurality of radiatiorTgenerating means 
selected from the group including an electrode pair across which 
a plasma arc is generated , microwave radiation, electron beam 
radiation, laser radiation and the like. 

15. A method in accordance with claim 1 wherein said 
plasma is generated at a temperature in the^rafTge of 1700 degress 
centegrade to heat said particles of said matter to a~ temperature 
in said range and to effect a pyroelectric reaction thereon. 

16. A method for refining metal from ore containing 
atoms of said metal comprising: 

a) - comminuting ore to form small particles thereof, 

b) flowing a stream of said small particles of ore 
to a reaction zone, 

c) generating high temperature in said reaction zone 
sufficient to heat the matter of said small particles of said ore 
to a temperature sufficient to~break the bonds between atoms of 
metal of said particles aad molecules of matter containing said 
metal atoms so as to^eftfow the separation of said metal atoms 
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from the remaining matter of said ore, 

d) collecting said metal as a flow of molten metal 
separated from the remaining matter of said ore. 

17. A method in accordance with claim 17 wherein 



said metal forms particles such as droplets which are separated 
from the remaining matter of said ore by a process selected 
from the group of separation processes including centrif uging , 
gravity flow, magnetic separation, radiation beam force separa- 
tion and filtration* further comprising continuously flowing the 
metal so formed as a molten stream or spray thereof to a shaping 
means such as a mold , die or rolling mill to form same to a select 



18. A method for reacting on waste gases and 

/ 

particles of high temperature reactions comprising.: y 

flowing waste products of^a^reaction, such as a 

combustion reaction, incineratidn^br the like through an elongat- 
ed reaction chamber such as a duct, 

b) generating a high temperature within said duct 
which temperature is above that of the temperature of said 
high temperature combustion reaction employed to generate said 
waste products, 

c) heating said waste products of said reaction to a 
temperature in the range of the high temperature generated in 
said duct to cause atoms of said waste products to have their 
bonds broken from the molecules of said waste products, 

d) removing the reaction products generated in step 
(c ) from said reaction chamber I 

19. A method in accordance with claim 18 wherein 
step- (b) is effected by means of intense radiation generated by 
one or more of devices selected from the group including elec- 
trically energized electrodes , lasers , electron guns and micro- 
wave energy generating means . 

20. A method in accordance with claim 18- wherein 
step (d) results in the formation of solid waste-f£od-uets from 
gaseous molecules and step (c) is effected by controlled 
thermonuclear reaction means operable to heat said waste 
products to a temperature sufficient to separate atoms contained 
in said waste products from molecules thereof, further collecting 
said separated atoms as particles thereof per se or absorbed by 
other particles. 



